Using data from the Living Costs and Food Survey in the UK over we document that households with extremely low measured income (below 10% of median income) on average spend much more than those with merely moderately low income (those below 50% of median income):
income is monotonically increasing in household expenditure, median expenditure is higher for those with very low income (below £50 per week or 10% of median income) than for those with moderately low income (below £250 per week or 50% of median income). In fact, those at the bottom of the income distribution have median expenditure equal to overall median expenditure. In short, the graph of median expenditure by reported income contains a sharp non-monotonicity; that is it maps out a 'tick' (or for North Americans: a 'check'). This tick has existed to a greater or lesser extent both over time, and is evident among different sub-groups of households. This pattern could be explained by any combination of under-reporting of income, over-reporting of expenditure, or that households smooth consumption over time. This paper investigates what roles each of these candidates has to play. We find that under-recording of income likely plays the major role. We provide several pieces of evidence. First we show that a similar tick exists when we look across the income distribution and condition on work status (employment and unemployment). Given that most transitions into poverty are between rather than within work status (see, for example, Altonji et al. (2009) ), then conditioning on labour market status should remove most of the effect of the consumption smoothing channel. Second, a comparison of our microdata and administrative data strongly suggests that some specific components of income are under-recorded. In particular, we find that, as Meyer and Sullivan (2003) also show in the US, UK data sources do not capture anything like the amount of cash transfer payments which the government reports paying out. We also show that this under-recording has grown in recent years as a proportion of household income.
Furthermore, we provide indirect evidence that income is under-recorded by analysing the data through the lens of a dynamic model of consumption and saving. The methodology here is to specify a model which most favours the consumption smoothing hypothesis, then to show that it cannot reproduce the tick. The main result of the simulations is that, even with the most 'generous' model (in particular, without borrowing constraints) only around 60% of the tick can be explained. If we choose less 'generous' specifications, then the fraction comes down. In particular, when borrowing is constrained (a more realistic setting, perhaps, than the model without borrowing constraints), then only a small fraction of the tick can be explained.
To complete the argument, we note two reasons why over-reporting of expenditure is unlikely to be playing a large role here. First, we compare the estimates of total household expenditure implied by the microdata with those reported in the UK National Accounts. We argue that, as in many other developed countries expenditure is, if anything, under-rather than over-reported across the distribution. Meyer and Sullivan (2011a) show this is the case in the US and Barrett et al. (2012) compare the phenomenon across the US, the UK, Canada and Australia. Second, we show that at the bottom of the reported income distribution expenditure is more closely correlated with other measures of living standards than is income. Absenting consumption smoothing, this implies that expenditure is better measured than income at the bottom end of the distribution.
Our final contribution, therefore, is to describe briefly how income and expenditure correlate with other measures of living standards, such as owning a car or the size of dwelling. 4 Leaving aside whether households report extremely low incomes because of misreporting or consumption smoothing we show that consumption is much more closely correlated than income with a variety of measures of living standards.
As mentioned, this paper follows several papers by Meyer and Sullivan, which discuss the relative merits of consumption versus income for measuring poverty, and apply this to important groups, such as single mothers. 5 However, our paper presents a comprehensive assessment across all groups in society (and not just low-education lone parents, or other groups thought to have a low income), and across four decades of micro-data. We also decompose the bottom of the distribution, and use a theoretical model to complement our more descriptive evidence. Our paper also builds on, Saunders et al. (2002) , Attanasio et al. (2006) , Brewer et al. (2006) and Brewer et al. (2009) who show, using the similar data for the UK, that those with the lowest income do not have the lowest expenditures. 4 Note here, we use the term consumption rather than expenditure. The distinction that we make between the two is explained in Section 6. However the key difference is our adding to our measure of expenditure an estimate of the net consumption flow coming from home ownership.
5 Meyer and Sullivan (2003) , Meyer and Sullivan (2004) , Meyer and Sullivan (2008) , Meyer and Sullivan (2011a) and Meyer and Sullivan (2011b) .
6 See also an earlier report by Department of Social Security (1993) .
This paper also relates closely to Sabelhaus and Groen (2000) . They observe that the bottom decile of the income distribution in the US Consumer Expenditure Survey (CEX) records expenditure far above income. They compute average permanent income across decile groups and argue that the joint distributions of expenditure, current income and permanent income cannot be reconciled with the permanent income model. They conclude that income must be mismeasured in the CEX. We take particular care about modelling income dynamics explicitly and formulating and solving an explicit consumption and saving model. We also take their analysis further by showing that it is for those with the very lowest incomes that the apparent dis-juncture between consumption and income is at its most stark.
The paper proceeds as follows: after briefly describing the data in Section 2 we examine the tick in detail in Section 3. Section 4 examines the direct evidence that income is under-recorded at the bottom end of the distribution, while expenditure is likely to be better recorded. In Section 5 we examine whether consumption smoothing can explain the tick using the dynamic model. Section 6 shows that having low consumption is better correlated with other measures of deprivation than having low income. Section 7 concludes.
Data
Our main dataset is the Living Costs and Food Survey (known between 2001 and 2007 as the Expenditure and Food Survey, and the Family Expenditure Survey before that; we refer to it as the LCFS). We use data from 1978 to 2009. The LCFS is a nationally-respresentative survey with an annual sample of between 5,000 and 7,000 households. Its primary purpose is to provide data on household spending patterns to inform the derivation of price indices. It aims to collect a comprehensive measure of household spending with a two-week diary, in which respondents are asked to record everything they purchase, supplemented by a questionnaire in which respondents are asked about any spending on infrequently purchased items over the past number of months. 7 The LCFS is no longer the best survey for current income, 8 but it is the only UK survey which contains comprehensive measures of both income and expenditure.
Our aim in this paper is to assess whether the differences between income and expenditure over a particular period are indicative of a systematic type of measurement error in either of those series or can plausibly be explained by saving behaviour. It is therefore important that our measures of both income and expenditure are as broad and consistent as possible. Our measure of income (which we call 'cash income') is comprehensive: it includes income from employment and self-employment, state and private pensions, state benefits, assets and allowances from outside the household. It includes all those cash components included in the measure of income typically used to measure income poverty in the UK -known as the 'households below average income' (HBAI) definition of income. The components that are included in the HBAI series but not included in our income measure are imputed or non-cash receipts (for example the value of free TV licenses that the elderly receive, the value of housing benefit paid directly to landlords and the value of free-school meals given to children). As we are interested in comparing flows of cash into a household with flows of cash out (a quantity that has to equal net saving plus net measurement error in the two series), we do not include the value of these in-kind receipts in our measure of income.
The horizon over which income receipts are measured differs by the type of receipt. For earnings, "usual" earnings are recorded. For most respondents this is their most recent wage or salary payment, but is replaced with the "usual" wage or salary payment if the last payment was deemed by the respondent to be "unusual". For state pensions, private pensions, and benefits, the most recent receipt is recorded. For asset income (i.e. interest and dividends), where receipts are likely to be less frequent, all payments over the previous 12 months are recorded. We convert all these receipts to weekly quantities.
Our measure of expenditure records all cash outlays by a household in a given period. This information is based on the two-week diary for items that tend to be purchased frequently (e.g. food, drink, household consumables, petrol) and the questionnaire for household expenses that are incurred less frequently (e.g. household furnishing and appliances, household bills, mortgage and rental payments). Our expenditure series can be interpreted therefore as average (weekly) expenditure in recent months.
Both income and spending are therefore measured over shorter periods (though periods that are similar to each other), than in the US Consumer Expenditure Survey which measures income over the previous year and spending over the previous quarter. However it is not the case that income and spending are collected for exactly the same period of calendar time, as occurs, for example, in the Canadian FAMEX/SHS surveys, where survey respondents are asked to recall all income and spending over the previous 12 months.
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Our measures of both income and spending are at the level of the household and are adjusted for household composition using the modified OECD scale. 10 We express income and expenditure quantities in terms of real (December 2009) UK pounds per week. We use the Retail Prices Index (RPI) to convert nominal quantities to real quantities.
9 See Brzozowski and Crossley (2011) . The Canadian surveys also make use of a balance edit, where participants are probed if they report annual spending and income figures that are too dissimilar.
10 This is usually expressed as giving a weight of 1 to the household head, of 0.5 to each additional adult member and of 0.3 to each child. We follow usual UK practice and re-base so that a two-adult household has a weight of 1, meaning that the scale becomes 0.67 for a single adult, 0.33 for each extra adult or child aged 14 or more, and 0.2 for every child aged under 14.
The LCFS contains some imputed data where satisfactory responses were not obtained from respondents. The analysis in this paper retains those households whose responses contain imputed data. However we have redone the analysis in this paper dropping households which we know contain imputed data. None of the results presented are sensitive to the exclusion of these households.
3 Examining the 'Tick' Figure 1 in the introduction plots, for all households in our sample in the four most recent years of our data (2006/07-2009) , the median household spending 11 given household income 12 , and the median household income given household spending. 13 The clear pattern is that households with very low reported cash income (below £50 a week, say) have reported cash outlays associated with households with a weekly income of around £400 (above median income) -that is, the relationship between reported income and median reported expenditure has a 'tick' (or for North Americans a 'check') pattern. But this pattern does not hold when the series are reversed: households with very low spending do seem to have very low income. As Meyer and Sullivan (2011b) argue, the sample of households with a low reported income in such an analysis has been, in part, selected on having negative measurement error, so we would expect average dissaving to be biased upwards. However, the levels of income for those with low recorded spending look more plausible than the levels of spending for those with low recorded income. This suggests that, amongst these households, there is more measurement error in income than spending.
We first explore what might be causing this tick by examining expenditure patterns for various subgroups. Each figure shows the profile of median reported spending conditional on income reported for a number of household types. These are generated using locally-weighted median regressions. Figure 2 shows that the tick pattern appears for all working-age family types. The only household type for which it does not appear is pensioners. 14 Figure 3 shows that the tick is also apparent across education categories. Together these figures show that the tick is a robust feature of the data for working-age households and cannot be explained by demographic factors.
To complement the smoothed profiles that these figures show, we have checked, and confirmed, that the 'tick', where shown, is statistically significant. That is, in results not shown, we run a median regression of reported spending on a set of indicator variables for £50 income bands. The reported expenditure 11 This is 'cash outlays', as defined in Section 2. 12 This is 'cash income', as defined in Section 2 13 Similar analysis exists, for countries other than the UK or covering a subset of the years used in this study in Meyer and Sullivan (2003) ; Brewer et al. (2006); Brewer et al. (2009); Brzozowski and Crossley (2011) .
14 See Brewer and O'Dea (2012) for further details on patterns for pensioners.
of those in the lowest income group (£0-£50) is statistically significantly lower than each of the next seven income groups (that is groups representing households with equivalised reported income of less than £400). The 'tick' is significant in this sense for each work-status group (employed, self-employed, workless), for each education group, and for each non-pensioner household type. Figure 4 provides our first piece of evidence that the tick is not explained solely by consumption smoothing alone. It shows median expenditure across the income distribution when we split by work status. It shows that the tick is evident for all households, whether the head is working, is out of work or is self-employed. Given that most large temporary fluctuations are between employment states 15 , we would expect that if consumption smoothing explains all the tick, it should be substantially less obvious in this figure, and median expenditure here would be monotonic in income. That the tick remains implies a role for measurement error. Figure 5 shows the 25th and 75th percentiles of expenditure alongside median expenditure conditional on level of reported income. The tick that we previously described is also present at each of these percentiles, although it is less obvious at the lower quantile. As the graph implies, the variance of spending increases at low levels of income. This figure suggests that the bottom of the measured income distribution contains more 'types' than income levels even slightly higher up. This further suggests that the bottom tail includes both those with persistently low income as well as those who are better off (but either under-report income or are smoothing consumption). 1978, 1983, 1987, 1993, 1998 and 2003 . In each of the periods the 'tick' is evident, though its magnitude has been growing (i.e. median expenditure at the bottom of the reported income distribution has been growing). This graph, at least is consistent with both measurement error and consumption smoothing. On the one hand measurement error may have got worse, because survey participation has declined over time. On the other hand, access to credit markets has become more widespread (at least until the financial crisis of 2008) and households are better able to smooth consumption.
Figure 6: Median expenditure by income (equivalised real £/wk), 5 year averages Figure 7 looks a little more closely at this pattern -it shows median expenditure conditional on income as a proportion of overall median expenditure, and does this for those in centiles 1 through 8 of the income distribution. It shows that the tick, at the median, is most clearly evident among the bottom 1%. The tick therefore represents a small fraction of the population. However, as discussed above, the phenomenon we are investigating -expenditure far in excess of reported income -is also evident further up the distribution. We concentrate on the bottom 1% because it is a particularly salient feature of the data. Nevertheless, we emphasize that many of our arguments, particularly in Sections 4 and 6, apply also to households further up the distribution. 
Direct Evidence on Mismeasurement of Income and Expenditure at the Bottom End of the Distribution
In this section, we provide direct evidence for whether the tick is consistent with under-recorded income, over-recorded spending, or consumption-smoothing (in this case, running down assets or increasing debt, or "dissaving" for short). We present some evidence that can be used to support or refute these three (not-mutually-exclusive) hypotheses by comparing data from the LCFS to other sources, and reviewing what is known about the asset holdings of those with low cash incomes and/or outlays in the UK.
What evidence is there that income is mis-measured?
Meyer and Sullivan (2003) show that income from welfare benefits is under-reported in the CEX and that reported values of earnings and hours in that survey are inconsistent with minimum wage rules. They use these observations to argue that under-reporting of income from cash transfers and earnings are likely explanations for the observed mismatch between reported cash income and reported cash outlays. Table 1 shows the fraction of the amount that the government says that it pays out in various state benefits that is recorded in the LCFS (having used population grossing weights to give aggregate estimates). Coverage rates are high for the two benefits which are universal or close to it: child benefit and the basic state pension.
16 . However coverage rates are much lower for the two main means-tested cash benefit programmes (68% for income support and pension credit, and 50% for tax credits), and also low (58%) for the large category known as "other non-contributory benefits", which mostly comprises benefits paid to disabled people or those requiring care in their own homes. Source: Authors' calculation using Tables 13 and 14 of Barnard (2011) ."Other" non-contributory benefits mostly comprises benefits paid to disabled people or those requiring care in their own home.
Figure 8 plots trends in the amount of"missing"income from state benefits as a fraction of total household income, and shows that the importance of this missing benefit income has been rising gradually over the past decade even though the importance of benefit income overall as a share of household income has hardly changed.
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16 It should be noted that there are legitimate reasons why the fraction captured should be below 100% some benefits are paid to people outside the UK, and some are paid to people in the UK who do not live in private households and who would therefore be outside the sampling frame of the LCFS 17 Manipulation of the same data (Tables 13 & 14 in Barnard et al. (2011) and earlier editions) shows that benefit spending as a share of total household income has risen only very slightly, from 20 to 21 per cent, over the same period. It is not clear whether this low (and declining) microdata coverage of benefit income is due to differential patterns of non-response to the LCFS that is going uncorrected when grossing weights are calculated, or whether it is due to incorrect item response amongst households who are genuinely receiving benefits, or whether it is due such households reporting that they receive benefits, but under-reporting the amounts. However, we do know that the phenomenon of under-recording the total spend on cash benefits in the UK is not unique to the LCFS: Brewer et al. (2008) report that, in 2006-7, around one third of government spending on child and working tax credits was not captured in the main UK household survey used for recording income, the Family Resources Survey (FRS), and 43% of spending on the pension creditthe main means-tested programme for pensioners -was missing (see Bound et al. (2001) for a general discussion of this phenomenon and see Lynn et al. (2012) for what little is known from UK survey data that has been linked to administrative data).
Turning to the question of whether individuals are reporting wages that are below legal minimums, there has been a nationally-set, legally-binding, minimum wage in the UK since 1999. There are very few exemptions (although employers can count the value of some employer-provided benefits). Table  2 shows the fraction of employees aged 23 and over (there are lower rates for younger workers) whose implicit hourly wage -usual weekly earnings divided by usual hours -is below the national minimum wage. The proportions (between 5% and 11%) are substantial, although we cannot tell whether earnings have been under-reported or hours worked over-reported. 
What evidence is there that spending is mis-measured?
The phenomenon we investigate in this paper -the divergence between income and expenditure for those with the lowest reported income could in principle, be driven by over-reporting of expenditure. Previous studies, however, have noted that total expenditure (and indeed total income) captured by the UK's household budget survey is less than expenditure as measured in the UK National Accounts (see especially Deaton (2005) ; Attanasio et al. (2006) ).
18 Figure 9 illustrates this phenomenon by showing the ratio of aggregate income and expenditure implied by the LCFS to a similar measure derived using the UK National Accounts. The figure shows that the LCFS is under-recording spending relative to the National Accounts, doing so more substantially than is the case with income, and doing so at an increasing rate. While these are, of course, economic aggregates and some care should be taken in using them to inform statements about particular groups, this low (and declining coverage) is certainly indicative of the fact that, as in the US (see Meyer and Sullivan (2011a) ) expenditure is, if anything, under-rather than over-reported in aggregate. Additionally, Brzozowski and Crossley (2011) argue that over-reporting of spending is unlikely to be a contender for Canadian data. Brewer et al. (2009) show (for households with children) that the tick-shaped pattern between income and other measures of living standards exists when using many measures of (or proxies for) living standards (and when looking at income measured in four different British household surveys); this strongly suggests that over-recording of spending is not an important cause of the pattern depicted in Figure 1. 4.3 What do we know about asset holdings, debt and saving flows amongst households with low reported income or spending?
The divergence between income and expenditure could, of course, be explained by net dis-saving (i.e. running down assets or borrowing) among those with the lowest income. Here we look for direct evidence on whether such dissaving could be happening.
Unlike the Consumer Expenditure Survey in the US, the LCFS has no direct measure of net saving flows, and so we cannot investigate in detail the extent to which households whose reported spending far exceeds their reported income are dis-saving or borrowing.
19 Indeed, even considering other UK data sources, we have a remarkably imprecise impression of the stock of net assets held by households with a low reported income or spending, let alone the net saving flows. Information on net assets is available in two nationally-representative surveys. One of these -the relatively new Wealth and Assets Survey unfortunately lacks comprehensive good-quality data on household income (see Income Annex to Daffin (2009) ) and therefore we do not use it. The other of these, the British Household Panel Survey (BHPS) collects comprehensive data on income and also has some limited data on assets at regular intervals -most recently in 2005. Figure 10 plots the relationship between net assets and reported household income in 2005 and shows that most of those with the lowest report income have low levels of net assets. We infer from this is that the majority of households whose low reported income is less than their cash outlays will not be running down savings (as they don't have any), but a minority could be.
If households have access to credit markets, they could, of course, be borrowing to cover excess of their expenditure over their income. Brewer et al. (2009) investigate the relationship between a number of proxies for living standards using two longitudinal surveys (the BHPS and the Families and Children Survey) and shows that even when income is measured using an average over three consecutive waves those with the lowest reported income have living standards that are higher than might be expected. For the higher living standards to be supported by borrowing over the medium term (which is our interpretation of this three year period), the level of access to credit markets would have to be implausible.
Can Consumption Smoothing Explain the Tick?
We now examine the tick through the lens of a theoretical model. To show that consumption smoothing cannot explain all the tick we formulate a model of income dynamics and consumption behaviour that both fits panel income data prima facie and is most likely to induce high consumption at the bottom end of the distribution. We then show that such a model cannot reproduce the tick.
There is no clear consensus in the literature on the correct specification of the income process. Our approach therefore is to formulate a model of income dynamics that ascribes all ultra-low income realisations to be transitory. This specification is much more likely than one in which such shocks are persistent to generate a tick similar to that observed in the data without appealing to measurement error as an explanation.
The ability to smooth consumption critically depends on the tightness of borrowing constraints, which are difficult to identify. We therefore specify one model with the loosest possible borrowing constraints and another with the tightest. Even with the loosest constraints, consumption smoothing cannot explain all the tick.
As discussed in Section 3, it is likely that unusually high consumption (due to either consumption smoothing or income mismeasurement) is not confined to the bottom 1% of incomes. Figure 2 , for example, shows that implied saving is negative much further up the distribution. Nevertheless the phenomenon is particularly stark for the bottom 1%. Therefore in this section we focus on this bottom 1% as being 'unusual' and use the 1st-10th percentiles as a comparison/control group. Also we use as a basis for discussion that expenditure for the bottom 1% in the data is equal to the median across the population. This is a good approximation even though Figure 7 shows that it is just below median expenditure for many years.
Empirical Evidence on Transitions into and out of the Bottom 1%
Our first task is to examine the income transitions into the bottom 1% empirically using panel data from the British Household Panel Survey (BHPS). Table 3 shows these transitions from other quantile ranges. The rates here use equivalized current net income. 20 The data are split into yearly quantile bands conditional on cohort, 21 year and the household appearing in the sample over the two periods. Table 3 shows that households enter and exit the bottom 1% from across the entire income distribution. A noticeable feature of the data, however, is that the entry and exit rates are not uniform across the top 99%. On first sight, the data are consistent with a simple permanent-transitory model. Households from the top 10% of the distribution, for example, may enter the bottom 1% temporarily, but more households enter from the bottom two bands because downwards permanent shocks from these bands need not be so large to push the household to the bottom. However, within this permanent-transitory model, the bottom 1% will be filled mainly with those of low permanent income, whose consumption will be low. We therefore seek an alternative model that fits these data but ascribes ultra-low income realizations to be more temporary.
Most of the existing literature on income dynamics models the entire income distribution. Our interest centres on transitions into and out of poverty, about which there is much less research. Jenkins (2011) stands out as a recent work on this specific topic and emphasizes the persistent nature of poverty. He discusses Cappellari and Jenkins (2004) , who use a Markov model to analyse poverty dynamics. We adopt a approach similar here. Cappellari and Jenkins, however, examine movements into and out of the official poverty threshold (defined as 60% of median income), which captures around 10% of households. We are instead focusing on the poorest 1% of households.
An Income and Consumption Model
In the light of the above discussion, we specify the following dynamic process for income y it :
where y P i is 'permanent' income for household i. It evolves as a persistent AR(1) process. The parameter of persistence is ρ ∈ [0, 1). Although the focus in this paper is income fluctuations into and out of poverty, we include income risk across the distribution because this causes a higher (and more empirically valid) accumulation of wealth. Wealth holdings have a large effect on consumption choices when the household enters poverty. Aggregate wealth holdings in this model are precautionary in nature, because there is no life cycle: the horizon is infinite.
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Complementing the risk to 'permanent' income, θ t is a markov chain governing transitions into and out of poverty. We assume that the process is stationary, i.e. the probabilities are constant over the sample period. The pure transitory process would be captured by π 0,0 = π 1,0 and π 0,1 = π 1,1 (i.e. the rows of the associated transition matrix would be identical). However, as mentioned above, there are two clear ways in which the pure transitory process contradicts the empirical transition probabilities in Table 3 . First, there is substantial persistence in the bottom 1%. Second the probability of entering the bottom 1% is not uniform across the upper 99 centiles. To match the transitions in Table 3 we therefore first impose different probabilities of entering the bottom 1% for 4 quantile groups. These probabilities are given in Table 4 (first column). To complete the description of poverty dynamics we must then specify the probability that a given type remains in the bottom 1% after a poverty shock. For simplicity, we assume that, across the productivity types, this probability is constant. In order to match the flows out of the bottom 1% with the flows into the bottom 1% this probability must be 24%. This probability matches the bottom right hand entry in Table 3 . We can check how good is the assumption of a uniform probability of exit by comparing the exit rates from the model and in the data. These exit rates are summarized in the 2nd and 3rd columns of Table 4 . Notice that the two columns line up well, implying a good fit of the model. As a final point about the poverty dynamics, note that each household's probability of entering and exiting poverty is changing constantly as the level of permanent income changes. We specify that consumption evolves in a manner implicit in the following functional equation:
where y P t and θ t evolve as specified in equations 1 and 2, and where we have dropped i subscripts for notational convenience. Here we use the standard isoelastic CRRA utility function. This functional equation has a solution (i.e. there exists a fixed point of the value function) as long as β < 1. The utility specification implies that households accumulate precautionary saving to protect against negative income shocks, such as a poverty shock. It also implies that households have a finite target wealth level as long as βR < 1.
23 .
We investigate the model with two extremes of borrowing constraints. First we allow natural borrowing constraints. This implies that households can borrow up to the point at which debt would escalate to infinity if the household only receives minimum possible income in perpetuity. At the specified interest rate the long-term debt limit is 14.9 units of income (where 1 is the average income across society). Second, at the other extreme, we impose strict non-zero borrowing constraints. We recognize that each regime is unrealistic but captures the bounds of likely credit limits. An alternative approach would be to match results in, for example, Browning and Crossley (2001) on the average consumption drop on entering unemployment. We could then calibrate the borrowing constraint to match those estimates. However, that literature focuses on the effect of unemployment benefits which we do not model closely here, and therefore that approach seems out of spirit with the current analysis. We therefore prefer to bound the effects using the two extreme models.
Further details of the model solution, parametrization, calibration and simulation are in Appendix A.1.
23 I.e. assets will not tend to infinity: whenever assets get too high, households will want to de-cumulate. Figure 11 shows simulated median consumption by income centile. It does so for both the models with and without borrowing constraints. The income distribution is the same under both specifications. Under both regimes, there is a tick in consumption, because the bottom 1% of the income distribution contains a broader mix of skill types than the bottom 1-10%. However, if we take as a benchmark from the data that the bottom 1% have consumption equal to median consumption, then even the economy without credit constraints cannot reproduce all the tick. As a rough calculation, to reproduce the tick in full, the bottom 1% would need to consume over twice as much as the the 2nd percentile (which here consumes just under 45% of median consumption). Actually, it consumes only around 75% more. Therefore it seems, this model explains at most 60% of the tick. Recall that this is the most 'generous' model we can devise.
Results
The economy with tight borrowing constraints explains even less of the tick. If we repeat the same calculation, then in order for the bottom 1% to have median consumption they would need to consume 3 times as much as the bottom 1-10%. Actually they only consume around 30% more. 
Inc. percentile With Constraints Without Constraints
Consumption smoothing cannot account for all the tick in either model because of two factors. First, the bottom 1% does not contain, on average, households of median productivity level; second, households cannot perfectly smooth their consumption through a period of low income. We now investigate, in each model, to what extent these factors apply. Table 5 shows how well households can smooth consumption: it shows the ratio of consumption to permanent income across the 4 quantile groups. The columns give consumption across each state of the transitory shock. We first look at the effect of a transitory shock across the quantile groups in the economy without constraints. The consumption drop upon a negative transitory shock is only around 4% across the population and slightly less for the low skilled. Therefore, in this version of the model the size of the consumption drop has little effect on the tick. And therefore, in this case, consumption is less than median for the bottom 1% almost entirely because the bottom 1% is predominantly made up of low skilled rather than high skilled.
25
At the other extreme, the right hand two columns of Table 5 show average consumption in the model with constraints. As discussed above, notice that the consumption drop upon entering poverty is far greater than without the constraints for all productivity levels. Interestingly, this is not only directly because of binding constraints. Binding constraints affect only around half of the bottom centile. 26 However, the tight credit constraints affect everyone. Even those with positive assets (for example, the high skilled) must protect their wealth buffer if they enter poverty. Therefore they smooth consumption very badly. To conclude, for this model, the tick is muted both because the bottom 1% disproportionately includes the low skilled and because consumption is very imperfectly smoothed. Of course, neither model of borrowing constraints matches reality perfectly. However, it is illuminating to show how the distribution of wealth in these simulated economies matches that in the data. Figure  12 shows the simulated wealth distribution in both economies. Note that wealth dispersion is far greater for the unconstrained economy than the constrained economy and the distribution in the latter economy is much closer to that seen in the data in Figure 10 .
Comparing consumption and income as correlates of low living standards
Section 3 showed the mismatch between expenditure and income that occurs amongst households with a low recorded income, and Sections 4 and 5 give evidence for our contention that under-reporting of income is at the heart of this problem. This adds to the theoretical and empirical arguments, put forward by many authors, particularly Meyer & Sullivan, for using data on expenditure either instead of, or in addition to, data on income in the measurement of poverty. In spite this, income-based measures of poverty retain a near-monopoly position in political debate and in discussions of social policy in the UK.
In this section we ask whether measures of consumption (as estimated using expenditure data recorded by a household survey) are better correlated with other measures of low living standards than income (as recorded by a household survey). The evidence we present should be interpreted as arguing for some greater use of expenditure data in the measurement of living standards -regardless of the provenance of the divergence between income and expenditure at the bottom distribution of reported income distribution.
The results we present in this section use a different measure of income and consumption to those used in the rest of the paper (though the results we present are almost identical when we use the measures of income and expenditure described in Section 2). To the expenditure (cash outlays) measure that we introduced in Section 2, we add the imputed rental value of owning a property or vehicle (the manner in which these imputations are carried out is described in detail in Section 3 of Brewer and O'Dea (2012) ). We subtract cash outlays on housing or vehicles and make a number of other small adjustments (such as adding the value of TV licences and school meals for those households who do not have pay for them). For reasons described below, we also subtract all spending on durables. To distinguish this quantity from the measure of expenditure we used previously, and to reflect the fact that we are including the value of consumption flows from housing and vehicles, we describe it as 'consumption' in the discussion that follows.
In deriving a measure of income to compare to that derived measure of consumption, we are very conscious of the point made by Bavier (2008) that one should not compare consumption only to the measure of income used in the official analysis of poverty but to the "best" measure of income that can be derived. This is particularly important here -as the derivation of our consumption measure starts with expenditure data and makes adjustments in keeping with theoretical and empirical evidence about how best that data can be used to predict deprivation, then the odds would be stacked against income predicting living standards better than consumption unless a similar process is carried out to the income data. We therefore make exactly the same adjustments to the income measure that we make when moving from expenditure to consumption -most importantly, subtracting the income that is spent on housing and adding the imputed rental value of any owned property. We refer to this quantity as 'broad income' to distinguish it from that measure of income used in the rest of the paper.
We proceed using an approach suggested by Meyer and Sullivan (2003) . We define four groups BrInc low . BrInc notlow , Con low and Con notlow , where the subscript 'low' refers to those households lying in the bottom 10 per cent of the consumption or income distribution, and 'notlow' to those households lying in the upper 90 per cent of the distribution in question, and BrInc and Con refer to broad income and consumption respectively. Defining X as some outcome that (at least arguably) correlates positively with living standards (for example having health insurance or owning one's own home), and defining X(y) as the mean outcome for group y, we then calculate a difference-in-difference type measure:
This will be negative if being in the bottom decile group of reported consumption is a better indicator of poor outcomes than being in the bottom decile group of reported income.
We calculate this measure for ownership of various consumer durables (dishwasher, washing machine, central heating, computer, DVD player, access to the internet at home, a TV, subscription TV), having health insurance, owning one or more cars, owning their own house, and the number of rooms in the house. We noted above that the measure of consumption used here does not include any spending on durables. This is to avoid the generation of mechanical (and not particularly informative) relationships between the measure of consumption and ownership of durables.
The results are shown in Table 6 . All but one of the statistics have a negative sign and are statistically significant; the exception is owning a TV (perhaps unsurprisingly as the vast majority of all households now own a TV). Tables 7, 8 and 9 show the results of this analysis carried out on sub-groups defined (in turn) by family type, work status, and education group. A handful of estimates are positive for some measures for some family types, but the vast majority of the estimates are either negative and significant, or insignificantly different from zero. Although the LCFS provides a limited number of alternative measures of living standards, overall we conclude emphatically that having a low recorded consumption is a better guide to who has a low living standard than having a low reported income. (7) gives the quantity expressed in equation (3). Negative numbers indicate that consumption is better correlated with the outcome in the left-hand column (e.g. having a washing machine, owning one's own home) than is income. Other columns give the individual components of the quantity in equation (3). *** indicates significant at the 1% level, ** indicates significant at the 5% level, * indicates significant at the 10% level. Confidence intervals are calculated by bootstrapping with 999 replications. 
Conclusions
This paper analyses a puzzling feature of the joint distribution of income and expenditure at the bottom end of the income distribution. While median income is monotonically increasing in household expenditure, median expenditure is higher for those with very low income (below 10% of median income) than for those with moderately low income (below 50% of median income). In fact, those at the bottom tail of the income distribution have expenditure equal to overall median expenditure. In short, the graph of median expenditure by reported income maps out a 'tick'. This pattern could be explained by any combination of under-reporting of income, over-reporting of expenditure, or that households smooth consumption over time. This paper investigates what roles each of these candidates has to play.
Of the three (non-mutually-exclusive) hypotheses which could explain the tick we argue that underreporting of income plays the most important role.
This result has very important implications for the measurement of poverty and deprivation in countries, such as the UK and US, where these are typically measured with income. Even if poverty is 'eradicated' (a policy aim for households with children in the UK), this achievement might never be evident in the data. This calls for careful and thorough consideration of how survey instruments can better capture income at the bottom of the reported distribution. It also calls for measures of deprivation other than income, including, but not limited to consumption, to be considered in official analyses of poverty.
The prospects for the greater use of consumption (derived using expenditure data) in official analyses of poverty provides a further important reason to better understand and resolve the concerning (and increasing) divergence seen in many developed countries between aggregate consumption implied by household budget surveys and that reported as part of National Income and Product Accounts.
The analysis here uses the LCFS, the only survey in the UK which includes good measures of both income and expenditure. A key question for future research is to what extent the tick appears in surveys in other countries. Another key question is what aspect of the survey design causes this mismeasurement of income.
A Appendix to Section 5 A.1 Parametrization and Solution
The model presented in Section 5 cannot be solved analytically so is solved numerically by iterating on the policy function. Table 10 shows the parameter values we impose in the model solution. We take γ from micro studies. r is observable as the long-run average risk-free return. We calibrate β to match a steady-state assetincome ratio of just over 3. 27 The parameter of persistence, ρ is hard to identify. The value of 0.95 is within sensible bounds from micro studies. 28 We impose a long-run variance of (log) incomes (σ 2 y ) of 0.22 to match the consumption of the 1-10% productivity types. Together, ρ and σ 2 y imply a variance of idiosyncratic shocks of 0.022, which lines up well with micro studies (for example in Meghir and Pistaferri (2004) ). The choice of σ 2 y is more subtle than first appears. In this simulation study we are abstracting from measurement error and all transitory shocks other than those into and out of poverty. Therefore we cannot take this moment straight from cross-sectional income data. We document robustness checks of varying ρ and σ 2 y in appendix Section A.2 below. To simulate the model we draw permanent incomes from a log-normal distribution with variance (of the underlying gaussian) of σ 2 y , as above. The upper 99% of this distribution forms the distribution of base persistent productivities. We denote mean income of the bottom 1% by y. This is the income households receive if they enter poverty. 29 We simulate a population of 1000000 households (1000 for each income type) and compute average consumption for each of these groups and for the bottom centile at the steady state level of assets. We then compute each group's consumption as an average of median consumption. We do so for both the natural-and the non-zero borrowing limits. We calibrate β to be 0.9778 without constraints and 0.9679 with constraints. Households have a greater reason to save with constraints so they must be more impatient to fit the same wealth moments.
A.2 Robustness checks
We now display robustness of the results by displaying some alternative choices for ρ and σ y . As described in Table 10 we now let ρ = 0.85. We adjust the variance of productivities to match the same dispersion in consumption. The variance of productivities is now 0.5. We then adjust the variance of shocks in order to match the same dispersion in incomes. The resulting variance of yearly shocks is 0.14, which is counterfactually high. We fit β to be 0.9697 without constraints and 0.9444 with constraints. Figure 13 shows the simulated plots of median consumption as a proportion of overall median consumption with and without constraints with the alternative parametrization. Figure 14 shows the distribution of wealth under the 2 scenarios. We see that the results are similar to before. The average consumption drop on the low shock is 8% with no constraints and 23% with constraints. 
